Rectal hyposensitivity commonly causes anorectal disorders, but its underlying mechanism is unknown. We hypothesized that subjects with rectal hyposensitivity have altered rectoanal reflexes and/or sensorimotor response.
A n intact sensory perception is essential for maintaining normal continence and normal evacuation. 1 In contrast, a diminished perception of the rectum, usually described as rectal hyposensitivity (RH), has been reported in up to 60% of patients with chronic constipation 2, 3 and in 10% to 18% of patients with fecal incontinence. 4, 5 The underlying mechanism(s) for RH is not known. It is possible that alterations in the pelvic and anorectal afferent nerves or mechanoreceptors of the rectal wall or rectoanal reflexes or brain-gut interactions may each play a role. incontinence, 8 scleroderma, 9 and diabetic neuropathy, 10 and after radical hysterectomy. 11 Rectal distension also induces a brief reflex contraction of the external anal sphincter, the rectoanal contractile reflex (RACR), which is either a subconscious effort or a primordial reflex that prevents accidental release of rectal contents and is mediated by the pelvic splanchnic and pudendal nerves. 1, 12, 13 Although some studies have assessed the clinical significance of the rectoanal reflexes in anorectal disorders, [7] [8] [9] [10] [11] whether these responses are altered in patients with rectal sensory abnormalities, specifically in subjects with RH, is unknown.
Recently, we have described that during rectal balloon distension the onset of a desire to defecate is associated with a unique, consistent, and reproducible anal contractile response, often overlying the RAIR, the sensorimotor response (SMR).
14 This reflex activity could be an important and integral component of the defecation reflex in humans. Unlike the RAIR and RACR, which are independent of rectal sensation, the SMR appears to be associated with rectal sensory perception. 14 We hypothesized that the rectoanal reflexes and the sensorimotor responses are altered in subjects with RH. We tested this by investigating the manometric characteristics of the RAIR, RACR, and SMR in subjects with RH and chronic constipation and in healthy controls.
MATERIALS AND METHODS

Subjects
A total of 30 consecutive subjects who fulfilled the Rome II diagnostic criteria for functional constipation 15 and with a diagnosis of rectal hyposensitivity (see the "Measurements and Data Analysis" section) were invited to participate in this study. All subjects were referred to a tertiary care center for assessment of chronic constipation and had comprehensive clinical evaluation that included flexible sigmoidoscopy, barium enema or colonoscopy, and blood tests to exclude either mucosal or metabolic disorders that cause constipation. Patients with drug-induced constipation (ie, chronic use of opioids) were excluded.
In addition, we recruited 23 healthy subjects through a hospital advertisement. All subjects completed a questionnaire regarding their bowel function. None had any gastrointestinal dysfunction, disturbance of defecation, or history of surgery (except appendectomy), or were taking any medication (except aspirin, oral contraceptive, or multivitamins); all had a normal physical examination. All subjects gave written informed consent for a study protocol that was approved by the institutional review board.
Methods
Anorectal manometry. A digital rectal examination preceded probe insertion and a bowel preparation was not routinely used. The manometric assessment was performed using a 6-mm-diameter probe containing 6 radially arrayed strain gauge microtransducers (Gaeltec, Isle of Skye, UK) and a central lumen for balloon inflation. A 4-cm balloon was fashioned from a latex condom (Trojan-ENZ, nonlubricated; Carter Wallace, New York, NY) and was tied to the probe for the assessment of rectal sensation. When correctly positioned, the balloon was located between 7 and 11 cm from the anal verge. The probe was connected to an amplifier and recorder (Gaeltec-7MPR; Gaeltec), and pressure activity was displayed on a computer monitor. With the patient lying in the left lateral position, the lubricated probe was introduced into the rectum and taped in place such that the pressure sensors were located at 1, 2, 3, 5, 9, and 14 cm from the anal verge. The manometric recording commenced 7 to 10 minutes after probe placement.
The rectal sensation and rectoanal reflexes were assessed simultaneously by inflating the rectal balloon with a hand-held syringe using the following volumes: 10, 20, 30, 40, 60, 80, 110, 140, 170, 200, 240, 280 , and 320 mL of air. The intermittent rectal balloon distention protocol was used, 16 and the balloon was inflated at a rate of 10 mL/s. Each inflation was maintained for 1 minute. After deflation, a rest period of 2 minutes was allowed before reinflating the balloon to the next volume. During the test, subjects were provided with a chart and were asked to grade their sensory responses as follows: no sensation (absent sensation), a transient or first sensation, a desire to defecate (that persisted Ͼ15 seconds), an urge to defecate, and the maximum tolerable volume. After this test, the manometry probe was removed.
Measurements and Data Analysis
Anorectal physiology. Subjects underwent comprehensive evaluation using the solid-state probe that included sphincter length, maximum resting sphincter pressure, maximum squeeze pressure, maximum sustained sphincter pressure, and squeeze duration, as described previously.
16
Rectal sensation. The lowest balloon volume that evoked a first sensation, a desire to defecate, and an urgent desire to defecate and the maximum tolerable volume were assessed as described previously. 14, 16 Patients were considered to have RH if at least 2 of the 3 rectal sensory thresholds were greater than the 95% CI for the normative data from our laboratory. 16 The mean (95% CI) values for normal subjects were as follows: first sensation, 20 (range, 17-23) mL; desire to defecate, 106 (range, 90 -122) mL; and urge to defecate, 178 (range, 159 -197) mL.
Rectoanal reflexes and sensorimotor response. During the intermittent phasic rectal balloon distensions, the lowest balloon volumes required to elicit a brief reflex contraction of the external anal sphincter (RACR) and a sustained relaxation of the internal anal sphincter (RAIR) for 1 minute were also recorded. In addition, we assessed the onset, duration, amplitude, and area under the curve (AUC) of the RACR. These reflexes were observed usually in the pressure sensor located 1.5 cm from the anal verge ( Fig. 1) .
SMR was defined as a transient, anal contractile response that occurred overlying the RAIR, and usually associated with the onset of a desire to defecate (Fig. 1 ).
14 When this response was seen at multiple sensors, the channel with the most optimal response was used for data analysis. We assessed the onset, duration, and amplitude of this response. The onset of SMR was defined as the time interval in seconds between the application of stimulus (inflation of the rectal balloon) and the onset of the anal pressure response, as described previously.
14 The amplitude was defined as the maximum peak of the pressure wave, observed at any level in the anal canal, and was expressed in millimeters of mercury (mmHg). The duration was defined as the longest time interval in seconds, at any level in the anal canal, between the onset and the end of the pressure wave. In addition, the rectal balloon volume (mL) and the sensation at which this reflex response occurred were noted.
Rectal wall compliance. Rectal distention usually induced an abrupt and initial increase in rectal pressure as air was introduced into the intrarectal balloon, followed by a slow decline in pressure to a steady-state value as the rectum accommodated the distention. 16 The intralumenal rectal pressure for each distending volume was corrected by subtracting the pressure obtained during inflation of the balloon in ambient air. Rectal compliance was calculated from the slope describing the relationship between the intrarectal pressure (dP) and the balloon volume (dV) at steady state. A subject was designated as having an increased or more compliant rectum (or excessive laxity of the rectal wall) if the slope of the linear part of the curve significantly shifted to the right compared with the curve in the healthy controls. 
Statistical Analysis
The manometric data-the rectal balloon volume thresholds that induced the RACR, RAIR, SMR, and the onset, amplitude, duration, and AUC of the anal contractile response during the SMR-are expressed as mean Ϯ SD. The sex differences in the onset, duration, amplitude, and AUC of the SMR were assessed using either the Student t test or Mann-Whitney U test as appropriate. Statistical analyses were performed using a commercially available statistical software package (SPSS 10.0; SPSS, Inc, Chicago IL). P Ͻ .05 was considered statistically significant.
RESULTS
Subjects
A total of 30 patients had RH; 23 were female (76%), and their mean age was 45 Ϯ 12 years. Among the 23 healthy controls, 15 were female (65%) and their mean age was 48 Ϯ 28 years.
Anal Sphincter Pressures
The anal sphincter pressures were similar between the RH subjects and controls. The mean anal resting pressure (68 Ϯ 22 vs 70 Ϯ 21 mmHg, P ϭ .78), mean maximum squeeze pressure (164 Ϯ 53 vs 173 Ϯ 48 mmHg, P ϭ .52), and sustained squeeze pressure (144 Ϯ 38 vs 152 Ϯ 52 mmHg, P ϭ .53) were similar and showed no differences.
Rectal Sensation
The rectal sensory threshold data previously obtained from anorectal manometry were used to identify our cohort of subjects with RH. The mean threshold volumes for inducing a first sensation (40 Ϯ 10 vs 18 Ϯ 8 mL, P ϭ .0001), desire to defecate (165 Ϯ 38 vs 111 Ϯ 56 mL, P ϭ .003), and urge to defecate (233 Ϯ 42 vs 188 Ϯ 53 mL, P ϭ .001) were significantly higher in the rectal hyposensitivity group compared with healthy controls.
Rectoanal Reflexes
Rectoanal inhibitory reflex.The RAIR was present in both RH and healthy subjects. The lowest rectal balloon volume that induced an anal relaxation was significantly higher in RH subjects compared with controls (20 Ϯ 10 mL vs 12 Ϯ 6 mL, P ϭ .008) ( Table 1) .
Rectoanal contractile reflex.The RACR was observed in all subjects. Rectal hyposensitive patients had higher rectal balloon volumes for inducing the RACR compared with controls (56 Ϯ 19 vs 32 Ϯ 10 mL, P ϭ .001). The mean amplitude, duration, and area under the curve of the contractile response in both groups were similar (Table 1) .
Sensorimotor response.An SMR was present in all healthy subjects and in all subjects with RH. However, the onset of SMR was associated with either a transient rectal sensation or no (absent) rectal sensation in subjects with RH (Fig. 2) . The lowest rectal balloon volume that induced an SMR was similar in RH subjects and in controls. The amplitude, duration, and area under the curve for the SMR were higher in RH subjects (Table 2) . In controls, the onset of the SMR was always associated with a desire to defecate. In patients with rectal hyposensitivity, the onset of SMR was associated with a transient sensation (SMR-transient sensation group) in 17 (57%) and no rectal sensation (SMR-absent sensation group) in 13 (43%) subjects. The onset of SMR was prolonged in subjects with SMR-absent sensation compared with subjects with SMR-transient sensation (13.9 Ϯ 9 vs 7.6 Ϯ 3 seconds, P ϭ .04, Table 3 ). The amplitude, duration, and area under the curve tended to be higher in the SMR-absent sensation group, but the differences were not significant between the 2 RH groups (Table 3) .
Rectal Compliance
The data for rectal wall compliance in our healthy controls were similar to those previously published. 16 In 15 subjects with RH, the rectal compliance values were similar to those of healthy controls (Fig. 3) . Twelve of the RH subjects (80%) with a normal rectal wall compliance exhibited an SMR with transient rectal sensation, whereas 3 RH subjects (20%) exhibited an SMR with an absent rectal sensation. In 15 subjects with RH (50%), the slope of the linear part of the dP/dV curve significantly shifted to the right compared with normal reference values, suggesting an increased or a more compliant rectal wall. In subjects with an increased compliance of the rectal wall, 10 subjects (66%) had an absent rectal sensation (P ϭ .025, Fig. 4 ) during the onset of an SMR and 5 subjects (34%) had a transient rectal sensation during the onset of the SMR.
DISCUSSION
Rectal hyposensitivity is associated with many common anorectal disorders such as constipation, fecal incontinence, and irritable bowel syndrome, but the cause-effect relationship is poorly understood and its pathogenesis remains unclear. 2, 3, 6 In this study, we found that all 3 rectoanal reflex responses were present, but were significantly altered in subjects with RH. The rectal balloon volumes required to evoke the RAIR and the RACR were significantly higher in 
FIGURE 2. Examples of the sensorimotor reflex (SMR).
A, An SMR (black dotted arrow) evoked with 90 mL of rectal balloon distension and associated with a desire to defecate (DD ϩ) in a healthy control. B, An SMR evoked with 90 mL and associated with a transient (blunted) rectal sensation in a patient with rectal hyposensitivity. C, An SMR evoked with 90 mL, but in this case the response is present but the subjects reported no rectal sensation. Note that the SMR is more prominent in subjects B and C compared with healthy controls. RH subjects compared with controls. These findings suggest that rectal hyposensitivity is associated with altered rectoanal reflex responses, which in turn may cause anorectal dysfunction. The RAIR is mediated by the intramural myenteric neurons (myenteric plexus) and the noncholinergic and nonadrenergic nerves. 8, 12 Its physiologic significance is not completely understood, but this reflex may facilitate discrimination of the nature of rectal contents by permitting them to come into contact with the more sensitive anal mucosa. 1, 17 However, whether the receptors that mediate the RAIR response are located in the mucosa, submucosa, or muscle plane is unknown, because this reflex is present in patients with spinal cord injury and in those with sacral root transection, whereas it is abolished after topical anesthesia. 8, 18 Furthermore, the preservation of RAIR after full rectal mobilization suggests that the receptors for the reflex are possibly located intramurally in the pelvic floor. 19 This hypothesis is supported by the observation that bilateral hypogastric nerve block or total rectal extrinsic denervation does not affect the nature of the RAIR. 20 Few studies have assessed the RAIR in constipated patients. 7, [21] [22] [23] Among these, some have reported that the volume of distention required to achieve an anal relaxation of 50% is significantly higher in constipated subjects compared with controls. 7 In contrast, others have reported either no changes in the RAIR 21, 22 or a lower maximal amplitude of the reflex in patients with dyssynergic defecation. 23 In this study, we found that the volume required to evoke this response was significantly higher in constipated subjects with RH compared with healthy controls. These findings suggest that constipated subjects with RH may have an impaired mechanoreceptor transduction across the rectal wall in response to balloon distension. Another possibility is that prolonged retention of stool in the rectum over time may lead to a blunting of rectal sensation (RH) and consequently the reflex responses. However, such a mechanism should lead to an attenuation of the reflex motor response and not an exaggeration of the response, and hence this hypothesis appears unlikely.
We also found that the volume required to elicit the RACR was significantly higher in RH subjects compared with controls. This primordial reflex that may prevent the premature release of rectal contents also appears to be dysfunctional in patients with RH. Recently, we have described the SMR and have hypothesized that it may play an integral role in the regulation of anorectal sensation and function.
14 This is based on the finding that an involuntary anal contraction occurs in response to rectal distension and is associated with a desire to defecate, and can last for 5 to 6 seconds.
14 Thus, the SMR may play an early warning role in preventing the inadvertent release of rectal contents in tandem with or independent of onset of voluntary squeeze. This response is partially under voluntary control and occurs along with awareness for rectal distension (ie, desire to defecate). Furthermore, a more prominent SMR was observed when a stronger sensation such as an urge to defecate was elicited in healthy subjects.
14 These findings suggest that the SMR may have a sensory component that involves the mechanoreceptors, rectal wall, afferent pathways, and the central nervous system, in addition to a centrally mediated intramural motor component.
In subjects with RH, we found that although the SMR was present, 57% of subjects described a vague or transient rectal sensation (SMR-transient sensation group), unlike healthy subjects in whom SMR was associated with a desire to defecate. Furthermore, in the group of subjects with more severe RH (absent rectal sensation up to a volume of 320 mL of air), although present, the SMR was altered and characteristics such as the onset, duration, and amplitude were significantly higher compared with the group of RH subjects with more blunted rectal sensation. These findings suggest that in subjects with RH, the motor component is intact, but the sensory component is defective. The higher amplitude, prolonged duration, and larger AUC of the SMR in subjects with a more severe RH (SMR-absent sensation group) may represent a (exaggerated) compensatory response of the motor component to prevent the inadvertent release of rectal contents. Our understanding of the mechanism(s) responsible for rectal sensory perception continues to evolve. Both thin myelinated A␦ and unmyelinated C fibers are present in the rectal mucosa, and the rectum can perceive thermal, chemical, and osmotic stimuli. 1, 12, 18 Furthermore, rectal sensation is evoked possibly by stimulation of the mechanoreceptors that lie in the rectal wall 1, 18 and/or pelvic floor. 12 These mechanoreceptors are stimulated by stretch-induced relaxation of the circular smooth muscle and depending on the degree of stretch relaxation, it has been proposed that a sensation of fullness or desire or urgency to defecate may be aroused. 12, 18 Recent evidence suggests that the rectal mechanoreceptors not only serve as tension receptors but also can detect mechanical deformation of the myenteric ganglia, especially during stretching. 24, 25 In addition, recent studies from rat models have confirmed the existence of intraganglionic laminar nerve endings in the myenteric plexus of the rectal wall that are sensitive to mechanical distension. 25, 26 Our study showed that 50% of subjects with RH had increased rectal wall compliance (ie, excessive laxity of the rectum), confirming previous studies. If so, this suggests that the decreased rectal sensation may be due to the altered biomechanical properties such as abnormal collagen content or damage to smooth muscle fibers, rather than changes in the afferent pathways. 3 Interestingly, we found an association among abnormal rectal sensation, SMR, and rectal wall compliance. Patients who had normal compliance of the rectum demonstrated an SMR that was associated with transient sensation. This finding suggests that the altered SMR was due to a dysfunction of the afferent pathway and/or cortical processing of the response but the motor component was intact. 27, 28 In contrast, 66% of subjects who had a hypercompliant rectum exhibited SMR, but had no rectal sensation (SMR-absent sensation group). These observations suggest that sensory perception from the rectum may have a component that is under conscious control and is perceived in the cerebral cortex and a reflex component. The conscious perception may be altered in some subjects with RH due to abnormalities within the rectal wall (ie, alterations in both thin myelinated A␦ and unmyelinated C fiber and abnormal stimulation of mechanoreceptors), but the reflex component may be intact and may even be exaggerated.
Further studies are required to better characterize the relationship among the rectal sensory perception, rectoanal reflexes, and SMR in patients with RH. These may include assessments of gut-brain-gut neuronal pathways, pudendal nerve terminal motor latencies, the effects of sleep, and pudendal nerve block and the effects of sensory training. In addition, electromyographic recording in the external and internal anal sphincters may identify the role of these muscles. Finally, the origin of the motor component of the response (ie, whether it is due to the contraction of the puborectalis or the pelvic floor) requires further delineation.
CONCLUSION
Our study shows that patients with constipation and rectal hyposensitivity demonstrate significant abnormalities of the rectoanal reflexes and the sensorimotor responses. These altered manometric features may play an important role in the pathogenesis of constipation associated with RH.
